ABSTRACT
increased risk of acquiring HIV and higher susceptibility to developing cervical or 48 prostatic cancer. Despite their importance in other organisms, the epigenetic mechanisms vaginalis genomic DNA to this day. In this work we demonstrate that N6-methyladenine 53 (6mA), and not 5-methylcytosine (5mC), is the main methylation mark in T. vaginalis 54 DNA. We explore the genome-wide distribution of 6mA and show this mark has a 55 preference for intergenic regions and is associated with silencing when present on genes.
56
We find the presence of transcriptionally active or repressive intervals flanked by 6mA-57 enriched regions and our results suggest these 6mA flanked regions are in close spatial 58 proximity. Our findings describe for the first time the presence of DNA methylation in T. 59 vaginalis and reveal a new role for 6mA in modulating 3D chromatin architecture.
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INTRODUCTION
63
Trichomonas vaginalis is a flagellated protozoan parasite responsible for With ~160Mb distributed over 6 chromosomes, the genome of T. vaginalis is the 71 largest protozoan parasite genome sequenced to date [7] . Unfortunately, the highly Initiator (Inr) element [13] present in ~75% of all protein coding genes [8] was found to 85 be the main core promoter element responsible for directing basal transcription in T.
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RESULTS
136
Identification of 6mA and 5mC in T. vaginalis genomic DNA
137
Given the importance of 5mC and 6mA in other organisms, we set out to 138 investigate the presence of these marks in T. vaginalis. We first evaluated the presence of 139 5mC in T. vaginalis DNA by a dot blot assay using genomic DNA extracted from two T.
140
vaginalis strains, B7268 and G3, with high and low adherence capacity, respectively (Fig.   141 1A). Unexpectedly, we failed to detect 5mC in either strain, contrary to our chicken 142 gDNA control (Fig. 1A) . In agreement, we were unable to detect this mark by 143 immunofluorescence in the nucleus of the parasite (Fig. 1B) . These data suggest the 144 absence, or very low abundance, of 5mC mark in the DNA of T. vaginalis. On the other 145 hand, we revealed by immunofluorescence the presence of m6A mark both in the nuclei 146 and cytoplasm (Fig. 1C) 
151
1D). In order to determine whether parasite adherence could be correlated with 6mA 152 abundance, we performed dot blot assays (Fig. 1E) and UHPLC followed by mass 153 spectrometry (Fig. 1F ) using gDNA from an adherent (B7268) and a less-adherent (G3) 154 strain. However, we found no difference on the abundance of 6mA levels among them.
155
Importantly, we demonstrated that 6mA is present in 2.5% of all adenines, but extremely 156 low levels of 5mC have been detected (0.004-0.008% of all cytosines) by UHPLC 8 prior to the experiments (Sup. Fig. 1 
163
To be considered an epigenetic mark, 6mA needs to be maintained after DNA 164 replication. Our observations using hydroxyurea synchronized cultures revealed the 165 expected decrease in 6mA levels in S phase due to DNA replication, which remained 166 during the G2/M phase of the cell cycle, and restored original abundance after cell 167 division (Sup. Fig. 2 ). These observations support the presence of active 168 methyltransferase(s) responsible for maintaining 6mA levels after cell division.
169
Genome-wide mapping of 6mA in T. vaginalis 170 To determine the function of DNA methylation in T. vaginalis it is essential to 171 identify its genomic distribution. To this end, we performed an adapted methylated DNA 172 immunoprecipitation technique using specific antibodies followed by high-throughput 173 sequencing (MeDIP-seq) [41] on the adherent strain B7268 (Fig. 2A) . Unfortunately, due 174 to the extremely low levels of 5mC in T. vaginalis we were unable to get good quality 175 reads from two independent MeDIP-seq experiments (data not shown). Therefore, we 176 decided to focus exclusively on 6mA for further analysis. To this end, two independent 177 high-throughput sequencing experiments, each containing pooled DNA from three 178 independent immunoprecipitation assays, were performed. In order to evaluate specificity 179 and enrichments of 6mA in the immunoprecipitated fraction when using a specific anti-180 6mA antibody, a dot blot assay was performed using an IgG control antibody (Fig. 2B) .
181
After quality filtering (q-value < 0,01, FE > 2) we obtained a total of 10388 6mA 182 peaks found in both replicates, corresponding to 92,1% and 75,6% of all peaks present in 183 each independent MeDIP-seq experiment (Fig. 2C , Sup. Table 1 ). The most prevalent
184
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185
Remarkably, peak visualization in a genome browser suggested a clear enrichment of 186 peaks in intergenic regions (Fig. 2D) . Indeed, peak annotation revealed that 94% of all
187
MeDIP-seq peaks (9746 6mA peaks) were intergenic (Fig. 3A) . Importantly, a shuffled 188 distribution of peaks across T. vaginalis genome would result in an even distribution 189 between genes and intergenic regions (Fig. 3A) , confirming 6mA is truly enriched in (Fig. 3C) . The rest of the identified genes could be divided into genes with conserved 201 domains that allow the assignment of a predicted role (8%) and hypothetical proteins with 202 unknown functions (22%) found exclusively in T. vaginalis (Fig. 3C) . Intriguingly, the 203 observed enrichment of 6mA peaks in the TTS was found exclusively in transposable 204 element (TE) genes, suggesting a particular role for methylation at the 3' of TE genes.
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We next looked into the expression levels of the methylated genes using RNA-235 seq data available and maintaining the same criteria for low, moderate and high 236 expression. Considering that the majority of those genes belong to T. vaginalis 237 transposable elements (Fig. 3C) , it was not surprising that gene expression analysis 238 revealed over 80% of all methylated genes are poorly expressed, with 14% possessing 239 moderate expression and only a small percentage (4%) high expression (Fig. 4A) .
240
However, when we considered the expression levels of the methylated genes without 241 taking into account TE genes, poorly expressed genes were still the most abundant group
242
(over 60%, data not shown), suggesting 6mA could be a sign of repressed expression 243 when found on genes. and it is likely that the real number of genes near intergenic 6mA could be higher.
251 Surprisingly, in contrast with our observations regarding the expression levels of 252 methylated genes (Fig. 4A ), we found a higher percentage of expressed genes (13,5% 253 with moderate and 16,4% with high expression) near intergenic methylation compared to 254 poorly expressed genes (Fig. 4B) . In fact, genes with intergenic 6mA peaks nearby were 255 expressed at significantly higher levels than genes in unmethylated regions (Fig. 4C ).
256
Finally, we examined the association between the 6mA peaks distance and expression
257
The copyright holder for this preprint . http://dx.doi.org/10.1101/603894 doi: bioRxiv preprint first posted online Apr. 9, 2019; level of associated genes. We have observed that intergenic 6mA is primarily located (Fig. 5A ). These intervals varied in the number of genes they contained (from 270 2 to up to 36 genes) (Fig. 5B ) as well as in length, with some spanning over 20kb (Sup. 271 Table 6 ). As can be observed in Figure 5B , intervals containing a greater number of genes 272 tends to be silenced. In an opposite manner, most of the intervals containing fewer genes 273 are actively transcribed.
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In other organisms it is well known that the three-dimensional genome (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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309
To unambiguously demonstrate that 6mA is responsible of regulate the formation 310 of these structures, we performed a 3C assay of parasites treated with ascorbic acid (AA), 311 which has been previously shown to favor DNA demethylation in mammalian cells [47] .
312
Dot blot assay of parasites treated with AA confirmed a diminution of 6mA mark of 313 parasites treated with 100 mM AA compared to non-treated parasites (Fig. 6C) .
314
Excitingly, parasite treated with AA were unable to form both p5512-5513 and p4130-315 4131 loops using 3C analyzes (Fig. 6D) . Consistent with this finding, our observations In recent years, the role of 6mA has been expanded from a primarily prokaryotic 328 DNA modification to an important epigenetic mark present in several multicellular and 329 unicellular eukaryotic organisms [35] . In this study, we use antibody-dependent and MeDIP-seq experiment. These results support our conclusion that 6mA, and not 5mC, is 338 the main DNA modification in T. vaginalis genomic DNA.
339
To be considered an epigenetic mark, 6mA needs to be maintained after DNA 340 replication. In Tetrahymena, maintenance methylation occurs quickly after DNA 341 replication [49] . Similarly, 6mA in Chlamydomonas is installed shortly after DNA 342 replication and is stably maintained during cell proliferation [30] . Although the precise 
of interest to take a closer look at the DNA glycosylases found in T. vaginalis genome 356 database and evaluate if they could be involved in active 6mA DNA demethylation.
357
Identifying the proteins responsible for the regulation of 6mA levels in the parasite will 358 further our understanding of the mechanisms and functions of this mark. (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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452
Restriction enzyme digestion assay 453 Restriction enzyme digestion was performed by treating 1 µg of genomic DNA with 1 µl 454 of 10 U/µl MboI or DpnI restriction enzyme (Thermo Scientific) at 25°C overnight.
455
Sample with no restriction enzyme was used as control. Enzyme was heat inactivated and 
of 6mA, the low levels of methylated and unmethylated DNA in the reaction mix were a 475 negligible fraction of the total digested DNA samples. control, the rest was immunoprecipitated overnight at 4°C using 5 μg of anti-6mA 
Bioinformatics analysis of MeDIP-seq data
508
After the adaptors were trimmed, alignment of high-quality fastq reads to the reference 509 genome (GCF 000002825.2 ASM282v1) was performed using Bowtie2 [66] with -qc-510 filter parameter and all other parameters at default settings. The BAM files were used as 511 input for MACS2 [67] , which was run with the -g parameter set at 1.76e8 and all other 512 parameters at default settings. Input reads were used as control sample for peak calling.
513
Peaks were then filtered by q-value (< 0.01) and fold enrichment (> 2). Only peaks with 514 more than 75% overlap between replicates were considered for further analysis. 
temperature. Crosslinking was stopped by the addition of 125 mM glycine, followed by 523 5 min incubation at room temperature and then on ice for 15 min. Cells were harvested, 524 washed in 10 ml PBS/PI and resuspended in 1.4 ml of cold lysis buffer (10 mM Tris-HCl 525 pH 8, 10 mM NaCl, 0.2% NP-40, 1X PI) followed by homogenization with a dounce 526 homogenizer pestle A. After centrifugation, the pellet was washed once with 1.25X
527
Buffer H (Promega) and resuspended in 500 ul of 1.25X Buffer H (Promega). A total of were purified and sequenced to verify the identity of the cross-ligation product. We thank Dr. Pablo Manavella and our colleagues in the lab for helpful discussions. 
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